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Dynamic Response Optimization Using Approximate Line Search
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Abstract

An approximate line seafch is presented for dynamic response optimization with Augmented
Lagrange Multiplier (ALM) method. This study empolys the approximate augmented Lagran-
gian, which can improve the efficiency of the ALM method, while maintaining the global
convergence of the ALM method. Although the approximate augmented Lagragian is composed
of only the linearized cost and constraint functions, the quality of this approximation should be
good since an approximate penalty term is found to have almost second-order accuracy near the
optimum. Typical unconstraied optimization alogorithms such as quasi-Newton and conjugate
gradient methods are directly used to find exact search directions and a golden section method
followed by a cubic polynomial approximation is empolyed for approximate line search since the
approximate augmented Lagrangian is a nonlinear function of design variable vector. The
numberical performance of the proposed approach is investigated by solving three typical
dynamic response optimization problems and comparing the results with those in the literature.
This comparison shows that the suggested approach is robust and efficient.
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Table 1 Optimization results for the nonlinear impact absorber.
(a) Using quasi-Newton methods
w=1 w=2 w=3 w=4
NG | NF | COST | NG | NF | COST | NF | NG| COST | NF | NG| COST
BFGS 13 14 0.5264 15 16 0.5972 16 16 0.6833 16 16 0.7541
DFP 13 14 | 0.5264 14 15 | 0.5972 16 | 16 | 0.6833 16 16 | 0.7540
Hoshino 13 14 0.5265 14 15 0.5972 16 16 0.6833 16 16 0.7540
SRO 13 14 0.5265 14 15 0.5972 16 16 0.6833 16 16 0.7540
SRO : Symmetric Rank-One
(b} Using conjugate gradient methods
w=1 w=2 w=3 w=4
NG | NF ! COST | NG| NF | COST | NF | NG| COST | NF | NG| COST
F-R 20 21 0.5265 15 16 0.5973 16 17 0.6833 19 20 0.7540
P-R 12 12 0.5265 13 13 0.5973 17 18 0.6833 18 18 0.7540
H-S 13 14 0.5264 16 16 0.5973 19 20 0.6833 21 21 0.7540
B-P 12 15 0.5264 15 15 0.5973 17 19 0.6833 20 21 0.7540

F-R : Fletcher-Reeves ; P-R : Polak-Ribiere ; H-S : Hestenes-StileNFI ; B-P : Beale-Powell
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Fig. 4 Vibration isolator.

Table 2 Optimization results for the vibration

isolator.
(a) Using quasi-Newton methods
NG | NF | COST
BFGS 12 17 2.3594
DFP 15 24 2.3557
Hoshino 16 21 2.3611
Sym. Rank-One 14 23 2.4137

(b) Using conjugate gradient methods

Algorithm NF | NG | COST
Fletcher-Reeves 12 16 2.4369
Polar-Ribiere 13 | 21 | 2.3555
Hestenes-Stiefel 8 8 2.3653
Beale-Powell 10 17 2.3654
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Table 3 Optimization results for the vehicle model.

(a) Using quasi-Newton method

Profile 1 Profile 2 Profile 3
NG | NF COST NG | NF COST NG | NF COST
BFGS 15 19 254.84 10 10 99.27 13 17 73.63
DFP 21 25 254.91 12 13 98.92 6 9 73.79
Hoshino 27 33 254.91 9 12 99.33 6 9 73.76
Sym. Rank-One 20 24 254.90 5 5 105.87 14 24 73.57
(b) Using conjugate gradient methods
Profile 1 Profile 2 Profile 3
NG | NF COST NG | NF COST NG | NF COST
Fletcher-Reeves 18 21 254.87 7 8 98.92 6 14 73.62
Polar-Ribiere 19 22 254.93 11 14 98.92 13 19 73.63
Hestenes-Stiefel 17 20 254.97 8 9 105.09 7 9 76.29
Beale-Powell 17 20 254.97 9 105.09 10 14 74.12
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Table 4 Optimization results for nonlinear impact absorber.

w=1 w=2 w=3 w=4
PLM SPA PLM SPA PLM SPA PLM SPA
b, ' 0.4413 0.4474 0.5971 0.5970 0.6822 0.6822 0.7540 0.7718
b, 0.5264 0.5276 0.5972 0.5972 0.6833 0.6833 0.7540 0.7509
COST 0.5264 0.5292 0.5972 0.5972 0.6833 0.6833 0.7541 0.7626
NG 13 11 15 16 16 14 16 14
NF 14 37 16 47 16 46 16 40

Table 5 Optimization results for dynamic absor-

ber.
PLM SPA
b 1.3285 1.3456
b 0.02768 0.0205
COST 2.3594 2.3559
NG 12 13
NF 17 41
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Table 6 Optimization results for vehicle suspen-
sion system.
(a) Excited by profile 1

PLM SPA
b 50.00 50.00
b 200.02 200.00
bs 200.00 200.00
b 44.50 30.46
bs 77.44 77.51
bs 80.00 80.00
COST 254.84 254.90
NG 15 17
NF 19 51
(b) Excited by profile 2
PLM SPA
by 50.00 50.00
b2 200.00 200.00
bs 200.00 200.04
b 50.00 50.00
bs 43.18 45.01
bs 80.00 80.00
f 99.27 99.25
NG 10 7
NF 10 12
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(c) Excited by profile 3

PLM SPA
by 50.67 50.00
bz 200.00 200.00
bs 200.06 200.00
b 4.90 4.84
bs 30.30 28.36
b 5.03 5.00
f* 73.63 73.73
NG 13 9
NF 17 26
Zlell F3tete AE vl Fooh 53, 5AEE
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Ao g /e Fhade g A
o WY BEA FEz70l YUt
0, 0, O)elz, FHAAL (0, 1, 2, —D=E ¢
ek, o) FAlol e AAG F4e et 2o,

Minimize ¥ (b) =5+ b5+2b3+ bi—5b—5b;

—21ba+T7he+100
subject to
g (b) = (b b5+ b3+ bi+bi—bs+b3—b) /8—1<0
2(b) = (bF+2b3+ b3+ 26— br—be) /10— 1<0
gs(b) = (268 + b3+ b3 +2b,— by — bs) /5—2<0
2. 8FE MHEY
£ ¥ (welded beam) 9] X F-A A& AH]&
olzin] o A gu] &S Fote] Hasdshs Aol A
Alel EAoln, TEEAL EAHSH (@), X9 F

439 (@), #HF (), o HNAH(g) ¥ =¥
el ool zZy] A& 7lsleH A2 (s) &
olw, AAMg A/shetAol Agte] Yk AW
= SHAT (), FHAN( L), 2o F(b)
Bl Fol(b)olvh, 27w (1, 7, 4, 2)°]x, #
Az E (0.2444, 6.2187, 8.2915, 0.2444) 2 ot#
2 olek, ol FAll wgh A FALE opga Z
o},

Minimize @ (b) =1.10471b2b,+0.0481bsbs

- {14+ by)
subject to

1 3(28+ by)
gl(b)—{zblz 7 T BTB b3 13 (bt 55)7)

,4.5(28+b2)2[b§+(b1+b3)2]}”2 13.6
T BB (B3 (bt bs) D)’ 6

23(b) =0.09267 — b33 (1—0.02823b1) <0
2:(b) =8.7808— 35 <0
g(b) =b—b<0

0.125<5H <10, 0.1<5H <10, 0.1<5<10,
and 0.1<6,<10

54w HA5 823

stete Aol FAHoln, wl¥ =k (deflection), Hw
<8, A Fgh(surge frequency) o 2L A7
ol digt 7istadel TH2A=] ek =g, A
A el St a/shabA FEE gloh AAW
FE stolojel HA (), T HA(h) ¥ 74
o 771 35 (bs)oleh, AAMgel A 27 A=
(1, 2 3olch o] Aol it AAIgE 442 o
2 et

Minimize ¥,(b)= (hs+2) b5}
subject to
g1(b) =1— 50363/ (7187551) <0
& (b) = bz (42— by) / (12566 6 (b, — b))
+1/(5108b%) —1<0
g (b) =1—140.45b,/(b3bs) <0
gi(b) = (bo+5:1)/1.5-1<0
0.005<5;, 0.05<by 1<bs
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Minimize ¥ (b) =0.7854b:55(3.3333b5+14.93345;
—43.0934) —1.5085, (bE+ b3)
+7.477 (b3 +53)
+0.7854 (bybE+ bsb?)

subject to

b) =27/ (hibEbs) —1<0
( ) =397.5/(b:b505) —1<0
g3(b) -—1.93b2/(b2b3bé) —1<0
& (b) =1.9358/ (b2bsb?) —1<0
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~1100<0
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Table 7 Optimization results for four typical test
problems.
(a) Rosen-Suzuki problem

Table 8 Optimization results for severely violat-
ed problems.
(a) Rosen-Suzuki problem

Initial PLM SPA Initial Optimum
b 0 0.022 0.000
be 0 0.971 1.001 b 100 —0.0003
bs 0 1.991 1.999 b: 100 1.0005
bs 0 —1.016 | —1.000 bs 100 2.0000
COST 100 56.006 56.000 ba 100 —1.0000
NG = 13 17 COST 47700 55.99
NF — 13 47
Max. Violation 7999 0.00007
(b) Welded beam design NG ;. 50
Initial PLM SPA NF — ”
b 1 0.2442 | 0.2442
b 7 6.2150 6.2031 (b) Tension/compression spring design
bs 4 8.2968 | 8.3146 Initial | Optimum
ba 3 0.2443 | 0.2420
COST 2.3812 | 2.3823 b > 0.05130
NG _ 27 25 b 7 0.34746
NF — 27 80 bs 3 11.86845
(¢) Tension/compression spring design COST 875 0.01268
Initial PLM SPA Max. violation 5 —0.00001
by 1 0.0514 | 0.052 NG — 35
be 2 0.3510 | 0.378 NF _ 37
bs 3 11.6422 | 10.146
COST 10 0.01268 | 0.01271 2 (b) = babs/40—1<0
NG — 19 22 gs(b) =5—b1/b<0
NF - 20 77 & (b)=b/b—12<0
(d) Gear reducer design £io(b) = (1.565+1.9) /by =10
au(b)=(1.16,+1.9)/b5—1<0
Initial PLM | SPA 2.6<b<3.6, 0.7<b<0.8, 17<by<28,
b 3.1 3.500 | 3.500 7.356,<8.3, 7.3<b<8.3, 2.9<6:<3.9,
be 0.75 0.700 0.700 5.0<b<55
bs 22.5 17.000 | 17.000 Table 78] &7 5 2ol Abshe PLMe| 2t
b L8 | TR LT el Asdes segezM, $4w 44
bs 18 L T8 L T s hxgoz qzslch 56, mE ofdlels
b 3.4 3.350 | 3.363 SPAe| ul3bel @4 AATEE 70% o4 FolwA
b 5.25 5.286 5.286 ol HAX Sk ol Aara
COST 4144.83 | 2999.87 | 2998.02 PLMo] %4 uhg =8t Makoluel, olubaal
NG — 19 12 A Aol £ AFUL,
NF - 2 93 Alatst PLM| 4#4¢ we Fadoz A
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